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PREFACE 


This  study  was  undertaken  in  order  to  provide  an  inexpensive, 
interim  solution  to  a very  pressing  problem  with  regard  to  direction 
finding  (DF)  calculations  confronting  the  divisional  Combat  Electronic 
Warfare  Intelligence  (CEWI)  Battalions  and  separate  CEWI  Companies. 
During  my  tour  as  Commanding  Officer,  522d  CEWI  Battalion,  2d  Armored 
Division,  we  were  equipped  with  antiquated  electronic  warfare  equipment 
designed  more  for  static  situations  than  the  modern  mobile  battlefield 
which  the  Armored  Division  will  surely  face.  As  the  only  TOE  authorized 
CEWI  Battalion,  the  522d  CEWI  Battalion  was  logically  selected  to  test 


new  electronic 

warfare  systems. 

Unfortunately,  the 

new  systems. 

as 

configured  for 

our  tests,  did 

not  meet  tactical 

requirements 

for 

surv ivabil ity , 

reliability,  and 

maintainability . 

Pending  further 

modifications  before  major  systems  procurement,  many  units  will  continue 
to  face  the  dilemma  of  antiquated  equipment  which  predates  on-board 
integrated  data  processing  equipment.  Without  data  processing 
assistance  the  tactical  units  will  continue  to  make  triangulation 
calculations  manually  utilizing  the  time  consuming  and  inaccurate 
technique  of  a map,  protractor,  magnetic  board,  and  strings  with 
magnets,  to  determine  the  location  of  enemy  emitters. 

When  afforded  the  time  and  access  to  the  data  processing  expertise 
of  Captain  Schonewetter , this  problem  became  solvable.  It  is  the  aim  of 
this  study  to  show  that  an  effective  interim  solution  does  not  have  to 
be  large,  expensive,  air-conditioned,  nor  too  complicated  for  the 


analyst  to  learn  In  one  day.  It  must  be  emphasized  from  the  start  that 
this  is  an  interim  solution.  The  handheld  calculator  is  slow;  the 
calculation  time  to  determine  the  eight-digit  coordinates  of  three 
intersecting  lines  is  two-to-three  minutes,  four  intersecting  lines  is 
three-to-four  minutes,  and  five  intersecting  lines  is  four-to-five 
minutes.  A well-trained  analyst  can  determine  the  location  that  fast 
with  the  string  method,  but  not  with  accuracy  or  a mathematical 
probability  of  accuracy.  Also,  the  analyst  must  have  the  map  and  all 
the  support  materials  associated  with  it  while  the  calculator  method 
requires  none  of  the  bulky  support  elements,  not  even  the  map,  though  it 
may  be  desirable. 

The  data  processing  package  (Texas  Instruments  Programmable  59 
Calculator  with  Surveying  Module  = $250;  Print/Security  Cradle  PC-100A 
Electronic  Printer  = $145)  is  inexpensive  enough  to  be  expendable,  thus 
reducing  the  burden  of  maintenance  backup.  It  is  also  our  hope  that  the 
design  of  future  data  processing  support  packages  for  tactical  units 
will  be  influenced  by  this  practical  and  inexpensive  solution. 
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Introduction 


Based  on  my  past  experience  as  the  G2  and  later  as  the  Commander, 

522d  CEWI  Battalion,  2d  Armored  Division: 

the  Army  does  not  have  a survivable  tactical 
ground-based  electronic  direction  finding  capability 
at  division  level,  nor  are  we  likely  to  achieve  that 
capability  in  the  near  future. 

The  above  statement  may  come  as  a shock  to  some  and  an  embarrassment  to 
others  as  it  is  often  assumed  that  tactical  ground-based  electronic 
direction  finding  equipment  is  available,  because  much  of  the  current 
literature  dealing  with  Electronic  Warfare  does  not  define  systems 
limitations  nor  distinguish  between  ground-based  and  airborne  systems, 
nor  specify  from  which  echelon  control  will  be  exercised.  Figures  1 and 
2 are  from  the  US  Army  Electronic  Warfare  Concept,  dated  6 Mar  78.  The 
charts  are  designed  to  portray  OPTIONS,  as  is  clearly  stated. 
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However,  they,  Like  many  other  ambiguous  charts  and  statements,  suggest 
capabilities  which  simply  do  not  exist  at  the  order  of  magnitude  implied 
by  the  options  matrix.  My  intent  is  not  to  criticize  the  EW  Concept 
Manual,  but  to  point  out  a possible  source  of  misperception  to  the 
unsuspecting  reader. 

The  direction  finding  (DF)  problem  is  not  unlike  that  facing  the 
tank  gunner  in  combat;  they  must  both  operate  in  proximity  to  the  enemy 
to  be  effective,  and  there  will  be  more  than  enough  targets  to  engage. 
Success  for  the  tank  gunner  and  the  DF  operator  will  be  dependent  on 
rapid  identification  of  targets,  engagement,  and  moving  on  to  the  next 
target . 

The  tactical  ground-based  electronic  direction  finding  equipment 
must  have  characteristics  similar  to  other  combat  vehicles  operating  on 
or  near  the  FEBA.  DF  vehicles  must  be  hardened,  mobile,  technically 
sound,  and  capable  of  operating  on  internal  power  for  extended  periods. 
Additionally,  DF  equipment  must  have  integrated  data  processing 
components  to  perform  the  trigonometric  calculations,  display  the  target 
coordinates  and  the  mathematical  probability  of  accuracy.  These 
capabilities  are  not  currently  available  in  tactical  ground-based  DF 
equipment,  nor  are  they  being  developed  in  a tactically  survivable 
package . 

The  obvious  question  is:  "why  not?."  My  experience  with  DF 
equipment  currently  found  in  the  CEWI  Battalion  and  with  the  field  test 
of  one  future  system,  indicates  our  design  engineers  have  felt  bigger 
was  better  without  understanding  the  fatal  consequences  of  large 


! 

f 


immobile  items  of  equipment  on/or  near  the  FEBA.  At  the  same  time  we, 
the  recipients  of  the  end  product,  have  failed  to  properly  forewarn 
contract  designers  of  the  inability  of  the  divisional  maintenance  system 
to  repair  in  a timely  manner,  overly  sophisticated,  low-density  items  of 
equipment . 

Our  equipment  is  becoming  so  sophisticated  with  excessive 
technology  that  if  we  are  not  careful  to  configure  the  equipment  f irst 
to  satisfy  the  tactical  commanders  needs,  we  will  end  up  with  equipment 
that  cannot  be  operated,  maintained  nor  repaired  by  our  soldiers  in 
combat.  Those  characteristics  which  must  be  met  to  satisfy  the  tactical 
commanders  needs  are: 

1)  capable  of  mission  accomplishment  in  a survivable  configuration, 

2)  as  mobile  as  the  force  which  it  is  to  support,  to  include  the 
ability  to  operate  on  the  move, 

3)  maintainable  by  organic  divisional  maintenance  assets,  or 
designed  to  utilize  expendable  components  which  are  readily 
available  at  the  battalion  maintenance  level. 

We  should  not  buy  equipment  designed  for  the  division  battle  area  which 
is  so  complex  that  the  expertise  of  Technical  Representatives  of  the 
manufacturer  is  required.  Tech  Reps  will  not  be  in  the  division  battle 
area.  Soldiers  will  be  the  only  ones  operating,  maintaining  and 
repairing  equipment  on  the  division  battlefield,  and  if  they  cannot 
operate,  maintain  and  repair  it  quickly,  there  is  no  need  to  buy  the 
equipment  under  the  ultimately  false,  though  well  intended, 
justification  of  combat  need. 


i 

* 
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The  Organizational  and  Procedural  Problems 


Today  at  the  CEWI  Battalion  level  any  DF  effort  must  be 
provisionally  organized,  as  the  TOE  does  not  provide  an  organizational 
structure  nor  dedicate  all  the  equipment  necessary  for  DF  operations. 
Direction-finding  operations  require  multiple  lines  of  bearing  to  the 
enemy  emitter  in  order  to  compute  the  target  location.  By  definition 
two  lines  of  bearing  are  a "cut"  and  three  lines  of  bearing  are  a 
"fix."  The  current  CEWI  Battalion  TOE  does  not  provide  enough  equipment 
in  the  Collection  and  Jamming  Platoon  for  a concurrent  DF  fix  (three 
lines  of  bearing  taken  at  the  same  time).  Therefore,  to  organize  a DF 
operation  requires  task  organizing  the  DF  assets  from  at  least  two 
platoons,  as  well  as  providing  the  task  organization  with  a secure 
"Flash  Net,"  which  includes  secure  radios  and  CEOI-related  materials.  A 
Flash  Net  is  required  in  order  that  a control  authority  (Platoon  Leader 
or  Battalion  Operations  Center)  can  orchestrate  the  DF  sites  to  the 
right  frequency  at  precisely  the  right  time.  See  Figure  3.  This  is 
necessary  to  insure  that  all  DF  sites  are  plotting  lines  of  bearing  to 
the  targetted  emitter  (and  not  one  of  its  out-stations  by  accident) , and 
to  insure  maximum  utilization  of  this  scarce  resource.  The  DF  site, 
like  the  tank  crew,  must  rapidly  identify,  engage,  and  move  on  to  the 
next  target. 

Present  and  projected  equipment,  of  both  the  DF  site  and  Control 
Authority,  lacks  adequate  mobility,  survivability,  and  technical 
simplicity.  This  study  presents  an  interim  solution  by  which  one  of  the 

5 


current  problems  of  direction  finding,  the  trigonometric  calculations, 
can  easily  be  solved  by  use  of  the  Tl-59  programmable  calculator.  This 
interim  solution  requires  no  increase  in  TOE  personnel  nor  Service 
School  training  requirement.  The  twelve  ounce  calculator  or  a series  of 
them  might  reasonably  be  considered  as  an  acceptable  substitute  for  the 
vehicle-mounted,  air  conditioned,  delicate  computer  which  is  projected 
as  a component  of  a future  tactical  system. 
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The  intermediate  results  of  the  DF  operation  are  lines  of  bearing 
(azimuths)  to  an  enemy  emitter  from  widely  separated  DF  sites  whose 
exact  locations  are  known  to  the  control  authority.  The  lines  of 
bearing  are  called  to  the  control  authority  from  the  DF  sites,  and  the 
control  authority  determines  the  enemy  emitter  location  by  using  a 
protractor  and  pieces  of  string  on  a map  board.  The  enemy  emitter  is 
assumed  to  be  at  the  point  of  intersection  of  the  strings.  This 
technique  is  slow  and  accuracy  is  accidental.  Weather,  darkness — almost 
anything — will  detract  from  the  accuracy  of  this  method.  The  location 
of  the  enemy  emitter  may  also  be  determined  by  the  use  of  trigonometry, 
however,  only  a few  analysts  are  able  to  understand  and  retain  the 
techniques  of  pure  mathematical  determination  beyond  the  exam  at  the 
service  school. 

The  final  result  of  the  DF  operation  should  be  an  accurate  location 
of  an  enemy  emitter  which  can  be  added  to  the  Commander's  knowledge  of 
the  enemy's  disposition  and  will  hopefully  lead  to  the  destruction  of 
the  enemy  by  friendly  action.  This  is  rarely  accomplished  due  to  a 

combination  of  all  the  factors  mentioned  above,  but  most  damaging  to 

credibility  is  the  absence  of  a measure  of  accuracy  in  conjunction  with 
an  eight-digit  coordinate  from  which  artillery  can  base  a fire  mission. 
The  purpose  of  this  study  is  to  provide  a means  by  which  this  can  be 

accomplished  in  order  to  bridge  the  period  from  the  current  generation 

of  equipment  to  future  systems  which  will  have  data  processing  equipment 
integrated. 
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A PROPOSED  INTERIM  SOLUTION 


It  must  be  emphasized  from  the  start  that  this  proposed  interim 
solution  does  not  correct  any  of  the  inherent  inaccuracies  of  the 
current  generation  of  DF  equipment.  The  proposed  interim  solution  will 
address  only  the  data  processing  deficiency.  This  problem  can  be 
partially  corrected  with  the  inexpensive  Texas  Instruments  handheld 
programmable  calculator,  TI-59,  with  the  "Surveying"  solid  state 

software  module,  and  the  Texas  Instruments  Print  / Security  Cradle 
PC-100A  Electronic  Printer  as  shown  in  Figure  4. 

The  TI-59  can  perform  all  the  calculations  with  or  without  the 
printer.  The  obvious  advantage  is  a written  record  of  all  the  essential 
information  when  utilizing  the  printer. 

The  data  required  for  input  to  the  TI-59  for  calculation  of  the 
enemy  emitter  is  recorded  on  a worksheet  (Figure  5).  A blank  worksheet 
is  provided  as  part  of  this  study  for  local  reproduction  as  an 

authorized  form. 

The  program  for  the  TI-59,  which  is  provided  in  its  entirety  in  the 
subsequent  chapters  of  this  study,  provides  for  an  input  of  not  less 
than  two  and  not  more  than  five  lines  of  bearing  from  known  DF  sites. 
The  program  will  provide  a display  on  the  calculator  of  an  eight-digit 
coordinate  which  represents  the  location  of  the  enemy  emitter.  The 

two-digit  prefix,  which  is  separated  by  a decimal  point  from  the 
eight-digit  coordinate,  represents  the  map  sheet  on  which  the 

coordinates  of  the  enemy  emitter  fall.  One  hundred  (10x10'  100,000 
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meter  square  grid  zones,  which  are  identified  by  two  alphabetical 
letters,  can  be  accomodated  in  the  area  of  operations  on  the  worksheet 
and  in  the  program.  Another  display  will  give  a number  which  represents 
the  mathematical  probability  of  accuracy  with  zero  being  perfect  and 
anything  over  150  suspect. 


AN  OPERATIONAL  CONCEPT 


The  control  authority  (Platoon  Leader)  would  establish  a baseline 
with  sufficient  distance  to  allow  for  accurate  calculations  to  the  enemy 
emitters.  Ideally,  the  baseline  should  be  equal  to  or  greater  than  the 
expected  distance  to  the  enemy  emitter.  The  control  authority  must  be 
positioned  so  as  to  have  good  communications  with  all  DF  sites  via  the 
Flash  Net.  An  alternate  means  of  communications  other  than  the  Flash 
Net  is  also  desirable. 

The  control  authority  (Platoon  Leader)  may  be  backed  up  by  the 
Battalion  Operations  Center,  which  is  also  known  as  the  Technical 
Control  and  Analysis  Center  (TCAC) . In  a mobile  situation,  the  platoon 
leader  and  his  analyst  could  use  the  Tl-59  without  the  printer  as 
described  in  Chapter  4.  The  TI-59  can  be  operated  on  rechargable 
batteries,  however,  the  calculations  required  for  the  DF  problem  drain 
the  power  rapidly.  The  recharge  unit  can  easily  be  adapted  to  provide 
power  from  the  Platoon  Leader's  vehicle.  The  Battalion  Operations 
Center  which  has  available  a constant  power  supply  would  utilize  the 
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TI-59  with  printer  as  described  in  Chapter  3.  Permanent  records  on  each 
enemy  emitter  obtained  from  the  printer  would  have  obvious  analytical 
uses. 

Prior  to  deployment  the  Platoon  Leader  would  determine  the 
anticipated  area  of  operations  and  record  the  map  sheet  identification 
letters  on  the  worksheet.  Once  the  baseline  and  Flash  Net  were 
established,  the  Platoon  Leader  would  then  record  the  location  of  the  DF 
sites  on  the  worksheet  and  enter  them  into  the  calculator.  As  the 
operation  progressed  and  the  DF  sites  began  providing  lines  of  bearing 
(azimuths)  to  the  enemy  emitter,  the  appropriate  entries  would  be  made 
on  the  worksheet  and  entered  into  the  calculator.  Since  a number  of 
lines  of  bearing  will  be  taken  by  the  DF  site  before  moving,  once  the 
site  locations  are  entered  into  the  calculator  they  will  remain  in 
memory  until  altered.  This  speeds  the  operation  since  only  new  azimuths 
are  required  for  calculation.  The  results  are  passed  to  the  next  higher 
authority  and/or  direct  to  artillery,  depending  on  the  nature  of  the  DF 
operation. 

Utilizing  the  TI-59  could,  with  practice,  enable  the  Platoon  Leader 
or  Battalion  Operations  Center  to  analyze  the  lines  of  bearing  being 
sent  by  the  DF  sites  to  determine  if  any  one  of  the  DF  sites  has  an 
obvious  equipment  malfunction. 

A current  disadvantage  to  the  system  proposed  in  this  study  is  the 
calculator  utilizes  the  "Surveying"  module  and  inputs  a new  program  into 
it  via  program  strips.  The  calculator  must  be  re-programmed  each  time 
it  loses  power  either  by  choice  or  chance.  The  re-programming  takes 
only  30-45  seconds,  but  a special  module  with  the  DF  program  printed  in 
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it  would  eliminate  this  deficiency.  A test  of  an  artillery-related 
module  for  the  TI-59  is  currently  being  conducted  at  Ft.  Hood.  This 


* 


study  has  been  sent  to  TRADOC  Combined  Arms  Test  Activity  (TCATA)  for 
consideration  for  future  test  modules. 
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Program  Storage  Guide 


i 


INTRODUCTION 


There  are  two  (2)  ways  to  enter  this  program  into  the  TI59  programmable 
calculator.  The  first  method  consists  of  manually  entering  the  program 
via  the  calculator  keyboard.  The  other  method  utilizes  the  magnetic 
cards  and  is  discussed  in  great  detail  in  the  user's  guide  for  this 
system.  If  you  do  not  possess  magnetic  cards  with  the  program  already 
on  them,  you  will  need  to  enter  the  program  using  the  manual  method  and 
then  store  it  on  the  magnetic  cards.  Once  this  process  has  been 
completed  the  program  may  be  entered  from  the  cards,  which  because  of 
the  length  of  the  program  is  the  preferred  method.  The  process  of 
entering  the  program  and  storing  it  on  cards  is  summarized  throughout 
the  rest  of  this  guide. 
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PROGRAM  ENTRY 


In  order  to  enter  this  program  into  the  calculator  you  are  strongly 


encouraged  to  familiarize  yourself  with  the  "programming  considerations" 
chapter  of  the  Personal  Programming  Manual  (the  owner's  manual)  supplied 
by  Texas  Instruments  along  with  the  calculator. 


Program  Listing 


The  first  step  will  be  to  examine  the  program  listing  of  the  TI59  Target 
Locator  System  on  pages  18  to  24.  As  you  look  at  this  listing  you  will 
see  three  (3)  columns  of  Information.  The  first  column  contains  the 
three  (3)  digit  program  location.  The  second  column  contains  the 
two  (2)  digit  key  code  for  the  contents  of  that  memory  location.  The 
third  column  contains  the  key  symbol  for  that  memory  location.  The  key 
code  and  the  key  symbol  both  represent  a key  on  the  keyboard.  The  key 
code  uses  its  first  digit  to  specify  which  row  the  key  is  in  and  the 
second  digit  represents  the  specific  key,  counting  from  top  to  bottom 


and  left  to  right.  This  is  explained  in  detail  in  the  TI-59  Owner's 


Manual . 


Program  Entry 


Now  that  you  have  carefully  read  the  TI  Owner's  Manual  you  are  ready  to 
enter  the  program. 


A.  Power  on  the  TI59  calculator. 


action  Power  on  TI59  calculator. 


result  0 appears  on  calculator  display. 


I 


15 
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B.  Position  program  memory. 

action  Press  4 , 2nd  , Op  , 1 , and  then 

7 

result  639.39  appears  on  the  display. 

C.  Enter  the  640  program  storage  locations  as  listed  on  pages  18  to  24. 

action  Press  CLR  , 2nd  , CP  , LRN  . 

result  000  00  appears  on  the  display. 

********** 

action  Enter  keystroke. 

result  Next  memory  location  number  and  00  will  be 

displayed.  Repeat  action  until  program  is  entered. 

********** 

action  Press  LRN 

result  0 appears  on  the  display. 

D.  Checking  and  correcting  entries. 

action  Press  GTO  , tHHt  , where  ###  is  a three  (3) 

digit  number  that  is  the  memory  location  you  would  like  to 
check. 

result  0 appears  on  the  display 

********** 

action  Press  LRN 

result  Three  (3)  digit  memory  location  and  two  (2)  digit  key  code 
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of  the  contents  of  that  location  will  appear 


********** 

action  If  the  key  code  is  incorrect,  enter  the  correct  keystroke, 
result  Next  memory  location  number  and  its  key  code  is  displayed. 

********** 

action  Press  SST  or  BST 

result  The  memory  location  after  or  before  the  current  memory 
location  will  be  displayed. 

********** 


action 

Press  LRN 

result 

0 appears  on  the  display. 

It  cannot  be 

overemphasized  that  the  material 

presented 

above 

is  a gross 

overview  of 

the  material  in  the  owner's 

manual . 

In 

order  to 

successfully 

enter  a program  you  must  be  familiar  with 

the 

information 

presented  in 

the  manual. 
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PROGRAM  STORAGE  LOCATION  LISTING 
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PROGRAM  STORAGE 


Now  that  the  system  is  loaded  into  the  calculator  it  must  be  stored  on 
magnetic  cards.  Once  again  the  owner's  manual  must  be  referred  to  for 
complete  understanding  of  this  process.  The  steps  shown  below  summarize 
the  actions  necessary  to  produce  the  cards. 


action 

Press 

CLR  , 

1 2nd 

Write  , 

and 

then 

enter 

card  1 into 

the  slot  on  the 

right  side 

of 

the 

calculator. 

result  1 appears  on  the  display  ( if  a blinking  number  appears 
repeat  the  action). 

********** 


action 


result 


Press  CLR  , 2 , 2nd  , Write  , 
enter  card  2 into  the  slot  on  the  right  side 
calculator. 

2 appears  on  the  display  ( if  a blinking  number 
repeat  the  action). 


and  then 
of  the 

appears 


********** 


action 


result 


Press  CLR  , 3 , 2nd  , Write  , 
enter  card  3 into  the  slot  on  the  right  side 
calculator. 

3 appears  on  the  display  (if  a blinking  number 
repeat  the  action)  . 


and  then 
of  the 

appears 


■■■■ 
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********** 


action  Press  CLR  , 4 , 2nd  , Write  , and  then 

enter  card  4 into  the  slot  on  the  right  side  of  the 
calculator . 

result  4 appears  on  the  display  ( if  a blinking  numbers  appears 
repeat  the  action) . 

The  program  has  now  been  stored  on  magnetic  cards  and  you  are  ready  to 
use  the  system  user's  guides. 


L. 
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Chapter  3 


TI59  Target  Locator  System 
User's  Guide  With  Printer 


INTRODUCTION 


This  user's  guide  will  enable  you  to  effectively  utilize  the  TI59  Target 
Locator  System. 

Assumptions  about  you  and  the  equipment,  which  are  critical  to  the 
successful  operation  of  the  system,  are  listed  below: 

1.  The  Texas  Instruments  TI  Programmable  59  calculator  with  the 
Texas  instruments  Print/Security  Cradle  PC-100A  (electronic  printer) 
as  shown  in  Figure  6 is  being  used. 

2.  The  TI  programmable  calculator  has  the  "SURVEYING"  Solid  State 
Software  Module  mounted  in  the  module  compartment  on  the  lower  back 
of  the  calculator. 

3.  You  have  thoroughly  familiarized  yourself  with  the  operation  of 
the  calculator  and  printer  through  the  use  of  Texas  Instruments 
manuals  and  actual  use  of  the  equipment. 


i 
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4.  The  Target  Locator  worksheet,  designed  specifically  for  thio 
system,  will  be  used  in  addition  to  the  calculator  and  printer. 

5.  There  will  always  be  no  fewer  than  two  (2)  OP  locations  (by 
coordinates)  and  azimuths  nor  more  than  five  (5)  OP  locations  and 
azimuths  for  each  calculation  attempted  by  the  system. 

6.  You  are  aware  that  when  the  area  of  operations  crosses  a six  (6) 
by  eight  (8)  or  six  (6)  by  twelve  (12)  degree  zone  boundary  that 
differences  due  to  the  Universal  Transverse  Mercator  (UTM)  Grid 
system  will  cause  various  amounts  of  error  to  occur.  Tne  magnitude 
of  this  error  will  be  a function  of  the  latitude  of  the  area  of 
operations.  This  system,  due  to  a shortage  of  programmable  memory, 
makes  no  allowances  for  a zone  boundary  crossing.  TTi  5-241-2  may  be 
used  to  accomplish  this  manually.  Future  expansion  of  the  memory 
available  in  the  TI-59  may  allow  for  these  calculations  to  be 
accomplished  in  the  program  as  is  currently  done  in  TACFIRE. 

7.  The  program  does  not  consider  differences  in  altitude  between 
the  DF  sites  and  the  enemy  emitter.  This  must  be  accomplished  by 
Artillery  prior  to  fire  missions. 

This  guide  is  composed  of  four  (4)  major  sections;  The  first  section 
describes  the  worksheet  and  how  it  is  used.  The  second  section  covers 
the  loading  of  the  program  into  the  calculator  from  magnetic  cards.  The 
third  section  details  the  use  of  the  calculator  program  to  calculate  an 
approximate  target  location.  The  last  section  delineates  the  forty  (40) 
data  registers  in  the  calculator  used  by  the  program. 


USE  OF 


THE  WORKSHEET 


I.  Pre-program  worksheet  posting. 

A.  Map  selection.  Select  extreme  south-west  100,000-meter  square  to  be 
used.  This  square  must  be  the  south-west  corner  of  a 1000  km  square 
that  encompasses  the  expected  area  of  operations. 

B.  Fill  in  EAST  WEST  chart.  See  Figure  7.  Place  the 
first  100,0 00-meter  square  identification  letter  of  the  selected  square 
in  the  block  below  the  zero  (0)  in  the  chart  labeled  "EAST -WEST",  then 
fill  in  the  rest  of  the  chart  with  the  next  nine  (9)  identification 
letters  (e.g.  if  T were  placed  in  row  zero  (0)  then  use  U,  V,  W,  X,  Y, 
Z,  A,  B,  and  C to  fill  in  the  other  rows). 

C.  Fill  in  NORTH  SOUTH  chart.  See  Figure  7.  Place  the 
second  100,000-meter  square  identification  letter  of  the  selected  map  in 
the  block  below  the  zero  (0)  in  the  chart  labeled  "NORTH-SOUTH",  then 
fill  in  the  rest  of  the  chart  with  the  next  nine  (9)  identification 
letters  (e.g.  if  L was  placed  in  row  zero  (0)  then  use  M,  N,  P,  Q,  R,  S, 
T,  U,  and  V to  fill  in  the  other  rows). 
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A. 


E.  Post  the  MAP  NUMBERS.  See  Figure  9. 


Using  the  "EAST -WEST"  and 


"NORTH-SOUTH"  charts,  convert  the  MAP  LETTERS  into  MAP  NUMBERS  and  place 
these  numbers  in  the  blocks  titled  "MAP  NUMBERS"  (e.g.  YN : Y,  using  the 
"EAST -WEST"  chart,  becomes  5;  N,  using  the  "NORTH-SOUTH"  chart, 
becomes  2). 


?.  Post  the  OP  azimuths.  See  Figure  10.  Gather  the  azimuths  from  the 
OP's  and  enter  them  in  the  "AZIMUTH  TO  TARGET"  row  in  the  next  available 
TARGET  READING  if  column  (e.g.  OP  //  1 azimuth  is  330  degrees,  enter  330 


in  the  appropriate  block). 


II.  Posting  calculated  results  from  the  program. 

A.  PostLng  the  calculated  target  location.  See  Figure  11.  Enter  the 
calculated  target  location  in  the  "RESULTS  FROM  CALCULATOR"  chart  in  the 
columns  labeled  "MAP  NUMBERS"  and  "COORDINATE."  Using  the 
two  (2)  100,000-meter  square  identification  charts  convert  the  MAP 
NUMBERS  into  MAP  LETTERS  and  enter  them  in  the  column  labeled  "MAP 
LETTERS"  (e.g.  43:  4,  using  the  "EAST  WEST"  chart,  becomes  X;  3,  using 
the  "NORTH  SOUTH"  chart,  becomes  P).  Note  that  leading  and  trailing 
zeroes  (0)  are  not  printed.  Therefore,  a coordinate  like  5.378554  will 
be  treated  as  05.37855400.  Remember,  there  will  always  be  two  (2) 
digits  to  the  left  of  the  decimal  point  and  eight  (8)  digits  to  the 
right  in  a valid  coordinate. 

B.  Posting  the  standard  deviation  of  the  calculated  target  location. 
See  Figure  11.  Enter  the  standard  deviation  on  the  worksheet  from  the 
calculator  display  or  from  register  38  on  the  paper  tape  listing  in  the 
columns  titled  "STANDARD  DEVIATION"  (Note  that  when  only  one  target 
location  is  calculated,  the  standard  deviation  will  be  shown  as 

-1.  , which  is  done  to  show  that  there  is  no  valid  standard 
deviation).  The  accuracy  of  the  azimuths  becomes  more  questionable  as 
the  standard  deviation  goes  up. 
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PROGRAM  SET  UP 


A.  Power  on  TI59  Calculator. 

action  Power  on  TI 59  calculator, 
result  0 appears  on  caculator  display. 

B.  Load  program  into  calculator. 

action  Press  4 , 2nd  , Op  , 1 , and 

then  7 

result  639.39  appears  on  the  display. 

********** 


action  Press  CLR  , INV  , 2nd  , Write  , and 

then  enter  card  1 into  the  slot  on  the  right  of  the  TI59. 
result  1 appears  on  the  display  (if  blinking  1 

or  0 repeat  the  action). 

********** 

action  Press  CLR  , INV  , 2nd  , Write  , and 

then  enter  card  2 into  the  slot  on  the  right  of  the  TI59. 
result  2 appears  on  the  display  (if  blinking  2 

or  0 repeat  the  action). 

********** 

action  Press  CLR  , INV  , 2nd  , Write  , and 

then  enter  card  3 into  the  slot  on  the  right  of  the  TI59. 

I 


40 


result 


appears 


on 


the  display  (If  blinking 


3 


action 

result 


A.  Initial 
action 

’"esult 


action 


3 

or  0 


repeat  the  action). 


********** 


Press  CLR  , INV  , 2nd  , Write  , and 

then  enter  card  4 into  the  slot  on  the  right  of  the  TI59. 

4 appears  on  the  display  (if  blinking  4 
or  0 repeat  the  action). 


PROGRAM  USE 


data  input 
Press  A 

-18.  displayed  on  the  calculator  (18  represents  the 
data  register  used  to  hold  azimuth  number  1.  See  the 
right  column  of  the  "INPUT"  portion  of  the  worksheet  or 
the  last  section  of  this  guide  for  the  register  numbers  of 
the  azimuths. 

********** 

Enter  azimuth  for  OP  number  1 (use  a positive  number 
between  0.0  and  360.0)  and  then  press  the  R/S 
button.  If  there  is  no  azimuth  for  that  OP,  press 

1 , then  press  +/-  and  then  press  R/S 
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result  OP  number  1 azimuth  entered,  -19.  displayed  on  the 
ca iculator . 

********** 

action  Enter  coordinate  for  OP  number  1 (use  a positive  number 
between  00.00000000  and  99.99999999)  and  then  press 
R/ S .If  there  is  no  coordinate  for  that  OP,  press 
1 , then  press  + /-  and  then  press  R/S 

(note  that  coordinate  register  numbers  are  listed  in  the 
far  right  column  of  the  "INPUT"  portion  of  the  worksheet 
and  in  the  last  section  of  this  guide), 
result  OP  number  1 coordinate  entered,  -20.  displayed  on 

the  calculator. 

********** 

action  Using  the  procedures  outlined  in  the  two  (2)  previous 
"actions",  enter  the  remaining  four  (4)  OP  azimuths  and 
coord inates . 

result  All  initial  azimuths  and  coordinates  are  entered  and  a 
zero  (0)  will  appear  on  the  calculator  display. 

B.  Later  data  input.  After  initial  data  input  to  the  system,  the  OP 
coordinates  will  be  relatively  stable.  Changes  will  encompass  azimuth 

refinements,  new  target  acquisition  azimuths,  and  possibly  an  occasional 

\ 

OP  coordinate  change.  Use  of  the  system  during  this  phase  is  covered 
below. 
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action  Press  A . 

result  -18.  displayed  on  calculator. 

********** 

action  If  the  register  number  displayed  on  the  calculator  is  one 
that  is  to  be  changed,  enter  the  new  value,  and  then  press 
R/S  . If  there  is  no  azimuth  or  coordinate  to  be 
entered  (e.g.  no  sighting  from  an  OP,  or  dropping  a 
particular  OP  during  its  relocation,  etc.),  press  1 , 

then  press  +/-  , and  then  press  R/S  . If  the 

current  register  is  not  to  be  changed,  simply  press 
R/S  . After  the  last  change  has  been  entered  and  the 
R/S  pressed,  press  CLR  . 

result  0 is  displayed  on  the  calculator  and  all  data  registers 


contain  new  data. 

C.  Target  calculation, 
action  Press  C 

result  A paper  tape  listing  of  data  registers  18  through  39  will 
be  listed  on  the  printer.  Check  registers  18,  20,  22,  24, 
and  26  for  the  OP  azimuths  and  registers  19,  21,  23,  25, 
and  27  for  the  OP  coordinates  (remember  that  leading  and 
trailing  zeroes  (0)  will  not  be  printed,  so  treat  a 
coordinate  like  3.7654789  as  03.76547890).  See  Figure  12 
for  a sample  listing. 


********** 


act  Ion 


result 

act  ion 
result 


If  an  error  on  one  or  more  azimuths  or  coordinates  has 
occurred,  press  A . When  the  display  contains  the 

register  number  of  an  error,  then  enter  the  correct  value 
and  press  R/S  , If  the  register  number  Is  not  that 

of  an  error,  press  R/S  and  move  to  the  next 

register.  Repeat  this  process  until  all  errors  are 
corrected.  After  the  last  error  has  been  corrected  and 
the  R/S  has  been  pressed,  press  CLR  . Now  go 

back  to  the  previous  action,  press  C , and  recheck 
the  registers. 

All  azimuths  and  coordinates  have  been  entered. 

********** 

Press  B (this  step  may  take  as  long  as  5.5  minutes). 
The  calculated  target  location  will  be  displayed  on  the 
calculator  (remember  that  leading  and  trailing  zeroes  (0) 
are  not  printed,  so  treat  a coordinate  like  7.975311 
as  07.97531300).  While  the  calculation  Is  taking  place 
the  printer  will  per lod leal ly  print  the  north  coordinate 
of  the  Intermediate  target  locations.  This  Is  a function 
of  the  "SURVEYING"  Solid  State  Software  Module  that  Is 
being  used  by  the  system,  and  cannot  be  avoided. 
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********** 


action  Press  C . 

result  The  printer  will  list  registers  18  through  39. 

Registers  18  through  27  contain  initial  data,  28 
through  37  contain  calculated  target  locations  (-1 
indicates  that  no  calculation  was  performed),  38  contains 
the  standard  deviation  of  the  calculated  target  location, 
and  39  contains  the  approximate  target  location  (remember 

that  leading  and  trailing  zeroes  (0)  will  not  be  printed, 

so  treat  a coordinate  like  6.2468543  as  06.24685430).  The 
standard  deviation  will  be  displayed  on  the  calculator. 

********** 

action  To  return  the  calculated  target  coordinate  to  the 

calculator  display,  press  XxT 
result  Calculated  target  location  displayed  on  the  calculator. 


DATA  REGISTERS 

This  system  uses  forty  (40)  of  the  available  data  registers  on  the  TI59 
calculator.  The  registers  and  their  contents  are  listed  below: 

REGISTER  CONTENTS 

00-17  working  storage 


18 

azimuth  for 

OP 

number  1 

19 

coord  inate 

for 

OP 

number  1 

20 

azimuth  for 

OP 

number  2 

21 

coord inate 

for 

OP 

number  2 

22 

azimuth  for 

OP 

number  3 

23 

coord inate 

for 

OP 

number  3 

24 

azimuth  for 

OP 

number  4 

25 

coord inate 

for 

OP 

number  4 

26 

azimuth  for 

OP 

number  5 

27 

coord inate 

for 

OP 

number  5 

28 

calculated 

target 

location 

29 

calculated 

target 

location 

30 

calculated 

target 

location 

31 

calculated 

target 

locat ion 

32 

calculated 

target 

locat ion 

33 

calculated 

target 

locat ion 

34 

calculated 

target 

locat ion 

35 

calculated 

target 

location 

36 

calculated 

target 

location 

using  OP  2 & 1 
using  OP  3 & 1 
using  OP  3 & 2 
using  OP  4 & 1 
using  OP  4 & 2 
using  OP  4 & 3 
using  OP  5 & 1 
using  OP  5 & 2 
using  OP  5 & 3 


A — ■ . — — t 


37 

calculated  target 

location  using 

38 

standard  deviation 

of  calculated 

39 

calculated  target 

location 

OP  5 & 4 
target  location 
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Chapter  4 


T 1 5 9 Target  Locator  System 

User's  Guide  Without  Printer 

INTRODUCTION 

This  user's  guide  will  enable  you  to  effectively  utilize  the  T159  Target 
Locator  System. 

Assumptions  about  you  and  the  calculator,  which  are  critical  to  the 
successful  operation  of  the  system,  are  listed  below: 

1.  The  Texas  Instruments  T1  Programmable  59  calculator  as  shown  in 
Figure  13  Is  being  used. 

2.  The  TI  Programmable  calculator  has  the  "SURVEYING"  Solid  State 
Software  Module  mounted  In  the  module  compartment  on  the  lower  back 
of  the  calculator. 

3.  You  have  thoroughly  familiarized  yourself  with  the  operation  of 
the  calculator  through  the  use  of  Texas  Instruments  manuals  and 
actual  use  of  the  calculator. 
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4.  The  Target  Locator  worksheet,  designed  specifically  for  this 
system,  will  be  used  in  addition  to  the  calculator  and  printer, 

5.  There  will  always  be  not  less  than  two  (2)  OP  coordinates  and 
azimuths  nor  more  than  five  (5)  OP  coordinates  and  azimuths  for  each 
calculation  attempted  by  the  system. 

6.  You  are  aware  that  when  the  area  of  operations  crosses  a six  (6) 
by  eight  (8)  or  six  (6)  by  twelve  (12.)  degree  zone  boundary  that 
differences  due  to  the  Universal  Transverse  Mercator  (UTM)  Grid 
system  will  cause  various  amounts  of  error  to  occur.  The  magnitude 
of  this  error  will  be  a function  of  the  latitude  of  the  area  of 
operations.  This  system  makes  no  allowances  for  a zone  boundary 
c ross  ing . 

Tills  guide  is  composed  of  four  (4)  major  sections.  The  first  section 
describes  the  worksheet  and  how  it  is  used.  The  second  section  covers 
the  loading  of  the  program  into  the  calculator  from  magnetic  cards.  The 
third  section  details  the  use  of  the  calculator  program  to  calculate  an 
approximate  target  location.  The  last  section  delineates  the  forty  (40) 
data  registers  in  the  calculator  used  by  the  program. 
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USE  OF  THE  WORKSHEET 


I.  Pre-program  worksheet  posting. 

A.  Map  selection.  Select  extreme  south-west  100,000-meter  square  to  be 
used.  This  square  must  be  the  south-west  corner  of  a 1000  km  square 
that  encompasses  the  expected  area  of  operations. 

B.  Fill  in  EAST  WEST  chart.  See  Figure  14.  Place  the 
first  100,000-meter  square  identification  letter  of  the  selected  square 
in  the  block  below  the  zero  (0)  in  the  chart  labeled  "EAST -WEST",  then 
fill  in  the  rest  of  the  chart  with  the  next  nine  (9)  identification 
letters  (e.g.  if  T were  placed  in  row  zero  (0)  then  use  U,  V,  W,  X,  Y, 
Z,  A,  B,  and  C to  fill  in  the  other  rows). 

C.  Fill  in  NORTH  SOUTH  chart.  See  Figure  14.  Place  the 
second  100,000-meter  square  identification  letter  of  the  selected  map  in 
the  block  below  the  zero  (0)  in  the  chart  labeled  "NORTH-SOUTH",  then 
fill  in  the  rest  of  the  chart  with  the  next  nine  (9)  identification 
letters  (e.g.  if  L was  placed  in  row  zero  (0)  then  use  M,  N,  P,  Q,  R,  S, 
T,  U,  and  V to  fill  in  the  other  rows). 
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D.  Post  the  Observation  Post  coordinates. 


See  Figure  15. 


For  each 


Observation  Post  (OP),  in  any  order,  place  the  appropriate  100,000-meter 
identification  letters  in  the  blocks  titled  "MAP  LETTERS"  and  the 
eight  (8)  digit  coordinate  in  the  blocks  titled  "COORDINATE"  (e.g. 
YN040061 95 , YP70052595,  XN40020598,  XN82022798,  and  YN38059195). 
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E.  Post  the  MAP  NUMBERS.  See  Figure  16.  Using  the  "EAST-WEST"  and 
"NORTH-SOUTH"  charts,  convert  the  MAP  LETTERS  into  MAP  NUMBERS  and  place 
these  numbers  in  the  blocks  titled  "MAP  NUMBERS"  (e.g.  YN:  Y,  using  the 
"EAST -WEST"  chart,  becomes  5;  N,  using  the  "NORTH-SOUTH"  chart, 
becomes  2). 


56 


F.  Post  the  OP  azimuths.  See  Figure  17.  Gather  the  azimuths 
OP's  and  enter  them  in  the  "AZIMUTH  TO  TARGET"  row  in  the  next 
"TARGET  READING  #"  column  (e.g.  OP  //  1 azimuth  is  330  degrees, 


from  the 
available 
enter  330 


in  the  appropriate  block). 


II.  Posting  calculated  results  from  the  program. 


A.  Posting  the  calculated  target  location.  See  Figure  18.  Enter  the 
calculated  target  location  in  the  "RESULTS  FROM  CALCULATOR"  chart  in  the 
columns  labeled  "MAP  NUMBERS"  and  "COORDINATE."  Using  the 
two  (2)  100,000-meter  square  identification  charts  convert  the  MAP 
NUMBERS  into  MAP  LETTERS  and  enter  them  in  the  column  labeled  "MAP 
LETTERS"  (e.g.  43:  4,  using  the  "EAST  WEST"  chart,  becomes  X;  3,  using 
the  "NORTH  SOUTH"  chart,  becomes  P).  Note  that  leading  and  trailing 
zeroes  (0)  are  not  printed.  Therefore,  a coordinate  like  5.378554  will 
be  treated  as  05.37855400.  Remember,  there  will  always  be  two  (2) 
digits  to  the  left  of  the  decimal  point  and  eight  (8)  digits  to  the 
right  in  a valid  coordinate. 

B.  Posting  the  standard  deviation  of  the  calculated  target  location. 

See  Figure  18.  Enter  the  standard  deviation  on  the  worksheet  from  the. 
calculator  display  or  from  register  38  in  the  columns  titled  "STANDARD 
DEVIATION"  (Note  that  when  only  one  target  location  is  calculated,  the 
standard  deviation  will  be  shown  as  -1.  , which  is  done  to  show 

that  there  is  no  valid  standard  deviation).  The  accuracy  of  the 
azimuths  becomes  more  questionable  as  the  standard  deviation  goes  up. 


PROGRAM  SET  UP 


A.  Power  on  TI59  Calculator. 


action  Power  on  TI59  calculator. 


result  0 appears  on  caculator  display. 


B.  Load  program  into  calculator, 
action  Press  4 , 


2nd  , Op  , 


1 , and 


then  7 


result  639.39  appears  on  the  display. 


********** 


action  Press  CLR 


Write  , and 


result 


then  enter  card  1 into  the  slot  on  the  right  of  the  TI59. 
1 appears  on  the  display  (if  blinking  1 
or  0 repeat  the  action). 


********** 


action  Press  CLR 


Write  , and 


result 


then  enter  card  2 into  the  slot  on  the  right  of  the  TI59. 
2 appears  on  the  display  (if  blinking  2 
or  0 repeat  the  action). 


********** 


action  Press  CLR  , INV  , 2nd  , Write  , and 

then  enter  card  3 into  the  slot  on  the  right  of  the  TI59. 
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result 


action 


result 


3 appears  on  the  display  (if  blinking  3 

or  0 repeat  the  action). 

********** 

Press  CLR  , INV  , 2nd  , Write  , and 
then  enter  card  4 into  the  slot  on  the  right  of  the  TI59. 

4 appears  on  the  display  (if  blinking  4 

or  0 repeat  the  action). 
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PROGRAM  USE 

A.  Initial  data  input 
action  Press  A 

result  -18.  displayed  on  the  calculator  (18  represents  the 
data  register  used  to  hold  azimuth  number  1.  See  the 
right  column  of  the  "INPUT"  portion  of  the  worksheet  or 
the  last  section  of  this  guide  for  the  register  numbers  of 
the  azimuths. 

********** 

action  Enter  azimuth  for  OP  number  1 (use  a positive  number 

between  0.0  and  360.0)  and  then  press  the  R/S 
button.  If  there  is  no  azimuth  for  that  OP,  press 
1 , then  press  +/-  and  then  press  R/S 

result  OP  number  1 azimuth  entered,  -19.  displayed  on  the 
calculator . 

********** 

action  Enter  coordinate  for  OP  number  1 (use  a positive  number 

between  00.00000000  and  99.99999999)  and  then  press 
R/S  . If  there  is  no  coordinate  for  that  OP,  press 
1 , then  press  +/-  and  then  press  R/S 

(note  that  coordinate  register  numbers  are  listed  in  the 
far  right  column  of  the  "INPUT"  portion  of  the  worksheet 
and  in  the  last  section  of  this  guide) . 
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result 


-20. 


displayed  on 


OP  number  1 coordinate  entered, 
the  calculator. 

********** 

action  Using  the  procedures  outlined  in  the  two  (2)  previous 
"actions",  enter  the  remaining  four  (4)  OP  azimuths  and 
coord inates. 

result  All  initial  azimuths  and  coordinates  are  entered  and  a 
zero  (0)  will  appear  on  the  calculator  display. 

B.  Later  data  input.  After  initial  data  input  to  the  system,  the  OP 
coordinates  will  be  relatively  stable.  Changes  will  encompass  azimuth 
refinements,  new  target  acquisition  azimuths,  and  possibly  an  occasional 
OP  coordinate  change.  Use  of  the  system  during  this  phase  is  covered 
below. 

action  Press  A . 

result  -18.  displayed  on  calculator. 

********** 

action  If  the  register  number  displayed  on  the  calculator  is  one 
that  is  to  be  changed,  enter  the  new  value,  and  then  press 
R/S  . If  there  is  no  azimuth  or  coordinate  to  be 
entered  (e.g.  no  sighting  from  an  OP,  or  dropping  a 
particular  OP  during  its  relocation,  etc.),  press  1 , 

then  press  +/-  , and  then  press  R/S  . If  the 

current  register  is  not  to  be  changed,  simply  press 
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result 

C.  Target 
action 


result 


action 


R/S  . After  the  last  change  has  been  entered  and  the 
R/S  pressed,  press  CLR 

0 is  displayed  on  the  calculator  and  all  data  registers 
contain  new  data. 

calculation. 

Press  CLR  , RCL  , //#  (where  IHt  is  a number 

between  18  and  27).  Check  registers  18  through  27  to 
insure  that  the  coordinates  and  azimuths  were  correctly 
entered . 

The  contents  of  the  specified  register  (//#  - see  the  data 
registers  section  of  this  guide  for  register  contents) 
will  be  displayed  on  the  calculator.  Remember  that 
leading  and  trailing  zeroes  (0)  will  not  be  printed,  so 
treat  a coordinate  like  3.7654789  as  03.76547890. 

********** 

If  an  error  on  one  or  more  azimuths  or  coordinates  has 
occurred,  press  A . When  the  display  contains  the 
register  number  of  an  error,  then  enter  the  correct  value 
and  press  R/S  . If  the  register  number  is  not  that 

of  an  error,  press  R/S  and  move  to  the  next 
register.  Repeat  this  process  until  all  errors  are 
corrected.  After  the  last  error  has  been  corrected  and 
the  R/S  has  been  pressed,  press  CLR  . Now  go 
back  to  the  previous  action  and  recheck  the  registers. 
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result  All  azimuths  and  coordinates  have  been  entered. 

********** 

action  Press  B (this  step  may  take  as  long  as  5.5  minutes), 

result  The  calculated  target  location  will  be  displayed  on  the 
calculator  (remember  that  leading  and  trailing  zeroes  (0) 
are  not  printed,  so  treat  a coordinate  like  7.975313 
as  07.97531300). 

********** 

action  Press  C 

result  The  standard  deviation  will  be  displayed  on  the 

calculator . 

********** 

action  To  return  the  calculated  target  coordinate  to  the 

calculator  display,  press  XxT  . 
result  Calculated  target  location  displayed  on  the  calculator. 


DATA  REGISTERS 


This  system  uses  forty  (40)  of  the  available  data  registers  on  the 
calculator.  The  registers  and  their  contents  are  listed  below: 


REGISTER  CONTENTS 

00  - 17  working  storage 

18  azimuth  for  OP  number  1 

19  coordinate  for  OP  number  1 

20  azimuth  for  OP  number  2 

21  coordinate  for  OP  number  2 

22  azimuth  for  OP  number  3 

23  coordinate  for  OP  number  3 

24  azimuth  for  OP  number  4 

25  coordinate  for  OP  number  4 

26  azimuth  for  OP  number  5 

27  coordinate  for  OP  number  5 

28  calculated  target  location 

29  calculated  target  location 

30  calculated  target  location 

31  calculated  target  location 

32  calculated  target  location 

33  calculated  target  location 

34  calculated  target  location 

35  calculated  target  location 

36  calculated  target  location 


using  OP  2 & 1 
using  OP  3 & 1 
using  OP  3 & 2 
us ing  OP  4 & 1 
using  OP  4 & 2 
using  OP  4 & 3 
using  OP  5 & 1 
using  OP  5 6.  2 
using  OP  5 & 3 
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calculated  target  location  using  OP  5 & 4 
standard  deviation  of  calculated  target  location 
calculated  target  location 
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Chapter  5 


T I 5 9 TARGET  LOCATOR  SYSTEM 
PROGRAM  DESCRIPTION 

INTRODUCTION 

The  TI59  Target  Locator  System  is  designed  to  provide  an  inexpensive, 
responsive  solution  to  a target  locating  problem  where  there  are  known 
observation  points  and  azimuths  to  a target  from  these  points.  The 
program  developed  to  solve  this  problem  is  described  in  the  paragraphs 
below. 


PROGRAMMING  ASSUMPTIONS 

This  system  deals  with  true-north  azimuths.  There  will  be  at  least 
two  (2)  but  not  more  than  five  (5)  observation  points  (OP)  with  azimuths 
used  in  the  calculations  performed  by  this  system.  All  OP's  and  targets 
will  be  located  through  the  use  of  an  eight  (8)  digit  coordinate  defined 
as  shown  below: 

AB. CCCCDDDD 

A = East-west  100,000-meter  square  identification  number 
B = North-south  100, 000-raeter  square  identification  number 
CCCC  - East-west  portion  of  the  eight  (8)  digit  coordinate 
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DDDD  - North-south  portion  of  the  eight  (8)  digit  coordinate 


PROGRAM  FLOW 


The  program  first  accepts  the  available  OP  coordinates  and  their 
azimuths  to  the  target.  Using  them  two  (2)  at  a time,  the  program 
calculates  from  one  (1)  to  ten  (10)  target  locations,  depending  on  the 
actual  number  of  coordinates  with  azimuths  available.  This  number  can 
be  obtained  by  calculating  the  combination  of  the  number  of  OP's  with 
azimuths  taken  two  (2)  at  a time  (i.e.  number  = (ml)  / (nl(m-n)!)  where 
m = number  of  OP's  with  azimuths;  n = 2;  and  1 means  factorial,  e.g.  3! 
= 3*2*1  = 6).  These  individual  target  locations  are  then  averaged  to 
form  an  approximate  target  location  and  a standard  deviation  based  on 
the  individual  target  locations  is  calculated.  These  calculations  are 
discussed  in  detail  below. 

This  system  utilizes  true-north  azimuths.  Although  standard 
trigonometry  deals  with  a normal  mathematical  coordinate  system  (i.e.,  0 
degrees  true-north  equals  90  degrees  mathematic  and  180  degrees 
true-north  equals  -90  degrees  mathematic) , the  program  uses  true-north 
azimuths  and  only  deals  with  the  mathematical  coordinate  system 
internally.  As  each  calculation  is  performed,  the  azimuths  for  the 
two  (2)  OP's  being  used  are  checked  to  insure  that  their  azimuths  are  at 
least  one  (1)  degree  apart  and  that  their  difference  is  not  greater 


than  179  degrees  and  less  than  181  degrees.  The  Texas  Instruments  (TI) 
subroutine  used  to  actually  calculate  the  target  location  will  cause  the 
the  calculator  to  yield  an  invalid  result  if  90  or  270  degrees  is  used. 
This  problem  is  caused  because  their  use  requires  the  subroutine  to 
divide  a number  by  zero  (0),  which  of  course  is  an  undefined 
mathematical  operation.  The  program  avoids  this  problem  by  checking 
each  azimuth  and  if  90  or  270  degrees  is  found,  they  are  changed 
to  90.00000001  and  270.0000001  respectively.  These  altered  values  do 
not  significantly  impact  on  the  calculated  results  because  of  the  very 
small  difference  involved. 

The  eight  (8)  digit  coordinates  discussed  above  are  broke-  out  into 
north-south  and  east-west  coordinates  by  the  program  prior  to  actual 
calculations  being  performed.  Calculated  coordinates  are  checked  to 
insure  that  they  will  fall  within  the  100,000-meter  identification 
letters  being  used  during  that  calculation.  Violations  will  be 
normalized  to  the  minimum  or  maximum  allowable  coordinate  value.  For 
example,  possible  results  could  be  coordinates  like  89.12349999 
or  80.12340000  if  the  north-south  calculated  value  falls  outside  of  the 
area  of  operations  being  used;  therefore,  it  is  important  to  insure  that 
the  area  of  operation  is  completely  contained  within  the  1000  KM  square 
defined  by  the  south-west  100,000-meter  square  selected  for  the  current 


set  of  calculations. 


The  actual  equations  used  by  the  T1  supplied  subroutine  are  described 


below. 

( El  - N1  tan  AZ1  ) - ( E2  - N2  tan  AZ2  ) 

NT  = 

tan  AZ2  - tan  AZ 1 

ET  - El  + ( NT  - N1  ) tan  AZ  1 

where 

NT  » north-south  coordinate  of  the  target 
ET  = east -we st  coordinate  of  the  target 
N1  « north-south  coordinate  of  the  first  OP 
El  = east-west  coordinate  of  the  first  OP 
N2  = north-south  coordinate  of  the  second  OP 
E2  » east-west  coordinate  of  the  second  OP 
AZ 1 = azimuth  from  first  OP  to  the  target 
AZ2  « azimuth  from  the  second  OP  to  the  target 


MAP  HANDLING 

Hie  program  deals  with  a 1000-KM  square  that  completely  encompasses  the 
»!»••  ted  area  of  operations  (A/0).  It  is  important  that  this  1000-KM 
in.  actually  contain  any  area  that  could  possibly  fall  into 
« i i if  ton.  Failure  to  do  so  will  result  in  erroneous  coordinates 
it  ■ I because  the  program  will  normalize  coordinates  that 
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fall  out  of  the  A/0  to  a point  that  is  in  the  A/0.  One  way  to  deal  with 
this  feature  is  to  select  an  A/0  that  places  the  actual  target  area  near 
the  center.  This  will  provide  a sufficiently  large  area  to  accomodate 
even  relatively  large  errors  in  azimuths  from  the  observation  posts. 

Since  the  calculator  is  only  capable  of  processing  numeric  data, 
the  100,000-Meter  square  identification  letters  must  be  converted  into 
numbers.  This  procedure  is  explained  in  detail  in  the  User's  Guide  and 
will  be  used  to  convert  letters  to  numbers  at  the  start  and  numbers  back 
into  letters  after  the  calculations  have  been  performed. 


INPUT/OUTPUT  DATA 

Due  to  program  storage  limitations  of  the  TI59  programmable  calculator 
there  is  no  editing  of  the  input  data  by  the  program.  The  function  of 
checking  all  input  data  has  been  assumed  by  manual  procedures  which 
require  the  program  user  to  verify  the  accuracy  and  correctness  prior  to 
allowing  the  program  to  begin  its  calculations.  The  User's  Guide 
explains  those  procedures  in  detail. 

The  program  assumes  that  all  azimuths  fall  between  0.00  and  360.00 
degrees.  If  azimuths  requiring  less  than  one  degree  of  accuracy  are 
desired  then  decimal  fractions,  not  minutes  and  seconds,  will  be  used. 
Any  level  of  decimal  fractions  can  be  used  as  long  as  the  azimuth  does 
not  contain  more  than  ten  digits  overall. 

Coordinates  used  by  the  program  fall  between  00.00000000 
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and  99.99999999.  Leading  and  trailing  zeroes  (0)  may  be  optionally  used 
during  data  input  but  will  be  supressed  by  the  calculator  during 
output . 

Throughout  the  system  minus  one  (-1)  is  used  to  denote  either  a 
coordinate  or  azimuth  that  does  not  have  a current  value.  The  minus 
one  (-1)  shows  coordinates  and  azimuths  that  do  not  have  current  valid 
values,  intermediate  target  locations  that  were  not  calculated  due  to 
missing  OP's  or  current  azimuths,  and  also  the  standard  deviation  when 
there  was  only  one  (1)  intermediate  target  location  calculated. 

PROGRAMMING  TECHNIQUES 

The  program  was  designed  in  a top  down  modular  manner  with  the  modules 
being  formed  by  a functional  decomposition  of  the  next  higher  level 
modules.  Whenever  possible  the  functional  modules  were  implemented  as 
subroutines.  Due  to  the  severe  program  storage  limitations  of  the  TI59 
and  speed  considerations  some  of  the  functional  modules  were  placed 
"in-line"  within  a functional  module  that  was  designed  to  call  it  into 
use.  The  functional  modules  and  their  descriptions  are  shown  in  the 
annex  and  the  "in-line"  modules  are  identified. 

All  modules  were  designed  to  have  one  entrance  and  one  exit.  This  has 
resulted  in  a few  extra  program  steps  but  should  be  more  than  worth  it, 
if  and  when  maintenance  or  enhancements  arise. 

Subroutines,  when  used,  start  and  end  with  a parentheses  and  do  not  use 

75 


»»_  II 


the  "CLR"  or  "»"  keys.  This  practice  also  has  cost  a few  program  steps, 
but  has  ensured  that  the  subroutines  may  be  called  by  a module  with  an 
ongoing  calculation  taking  place.  The  results  will  be  returned  in  such 
a manner  that  they  can  be  included  in  that  calculation.  The  practice  of 
not  using  the  "CLR"  and  "="  keys  ensures  that  ongoing  calculations  in 
the  calling  module  are  not  terminated  inadvertently  by  a subroutine. 


A technique  used  to  reduce  program  steps  was  the  "INV"  & "LOG"  sequence 
of  keys  rather  than  entering  very  large  or  small  numbers.  For 
example,  1,000,000,000  can  be  entered  as  "9",  "INV",  "LOG"  for  a saving 
of  seven  (7)  steps  or  .000000001  can  be  entered  as  "9",  "+/-",  "INV", 
"LOG"  for  a saving  of  six  (6)  program  steps. 


This  program  utilizes  the  TI  solid  state  software  module  for  surveying. 
The  specific  subroutines  used  are  program  01,  subroutine  "CLR"  and 
program  16,  subroutine  "E".  These  subroutines  are  used  to  calculate  the 
intermediate  target  locations  and  the  approximate  target  location  with 
its  standard  deviation. 
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********* 

********* 
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* CP  * 

* COS  * 

* STF  * 

* 

DEG  * 

* 

STF  * 

* * 

* * 

* * 

* 

* 

* 

* 

********* 

********* 

********* 

********* 

********* 

($)  = placed  "In-line"  to  increase  execution  speed  and  reduce  memory 
usage . 

SUBROUTINE  FUNCTION 


A enables  the  user  to  input  data  into  the  calculator 

registers  that  contain  the  OP  coordinates  and  azimuths. 

B calculates  the  approximate  target  location  and  the 

standard  deviation  based  on  the  intermediate  target 
locations. 

LOG  calculates  up  to  ten  (10)  intermediate  target  locations. 

CP  azimuth  checked  for  90  or  270  degrees  and  changed 

to  90.00000001  or  270.0000001  respectively  if  found. 

COS  round  off  north-south  or  east-west  coordinate  to  a whole 
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STF 


number  within  the  range  of  0 to  99999. 

combines  a north-south  and  an  east-west  coordinate  into  a 


standard  eight  (8)  digit  coordinate. 

IXI  checks  azimuths  and  coordinates  to  insure  that  a valid 

number  is  present. 

DEG  decomposes  a standard  eight  (8)  digit  coordinate  into 

north-south  and  east-west  coordinates. 

INT  calculates  the  approximate  target  location  and  its 

standard  deviation. 

C prints  registers  18  through  27  on  the  PC-100A  printer, 

displays  the  standard  deviation  on  the  calculator,  and 
places  the  approximate  target  location  in  the  calculator's 
T register. 
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INTRODUCTION 


The  interim  solution  proposed  in  the  base  study,  utilizing  the 
programmable  calculator,  was  conceived  as  being  the  lowest  level  of 
sophistication  which  reasonably  accomplished  the  triangulation 
calculations  in  the  direction  finding  process.  It  was  also  recognized 
that  the  programmable  calculator  with  its  low  cost,  low  maintenance,  and 
inherent  accuracy  was  also  the  maximum  acceptable  time-consumer  since 
the  calculator  could  only  eoual  the  calculation  speed  of  the  well 
trained  analyst.  Continued  examination  of  possible  interim  solutions 
logically  led  to  an  examination  of  the  rapidly  developing  series  of 
micro-computers.  These  inexpensive,  light  weight,  desktop  model 
computers  operate  on  110  volt  current,  as  does  the  TI-59  with  its 
electronic  printer,  and  can  solve  the  triangulation  problem  50  to  60 
times  faster  than  the  calculator. 

This  supplement  provides  the  results  of  experimentation  adapting 
the  Direction  Finding  Program  for  the  Texas  Instruments  Programmable  59 
Calculator  for  use  in  the  Commodore  Pet  2001  micro-computer.  The 
adaptation  compared  the  speed  of  the  handheld  calculator  to  the 
microprocessor  and  improved  operator-computer  interaction.  The  results, 
as  expected,  were  that  a variety  of  direction  finding  calculations 
required  from  2 to  5 minutes  with  the  handheld  calculator,  while  the 
same  calculations  required  only  3 to  5 seconds  in  the  computer. 
Operator-computer  interaction  is  considered  excellent  because 
instructions  are  simple  and  displayed  on  the  screen  for  the  operator. 


The  Commodore  PET  2001  micro-computer  was  chosen  for  this 
experiment  because  it  is  compact,  requires  only  110  volts  for  power,  has 
no  air  conditioning  requirements,  is  inexpensive  ($795  for  the  8K. 
Model)  , and  is  available  at  the  US  Army  War  College. 

An  operational  concept  for  utilizing  the  Commodore  PET  2001,  or 
similar  type  micro-computer,  would  be  to  place  it  at  the  battalion 
operations  center  (Technical  Control  and  Analysis  Center)  as  an  analyst 
aid.  At  this  location,  the  110  volt  power  source  is  readily  available 
and  the  capability  exists  to  monitor  and  task,  the  direction  finding 
operation.  In  a static  situation,  the  micro-computer  could  easily  be 
moved  to  the  location  of  the  Platoon  Leader  in  charge  of  the  direction 
finding  operation. 

The  micro-computer  has  great  application  at  the  battalion  level, 
both  in  the  field  and  in  garrison.  The  Direction  Finding  Program  uses 
almost  all  of  the  available  memory  of  the  PET  2001  with  8K  of  memory  and 
data  cannot  be  transfered  to  files  or  stored  for  later  reference. 
However,  the  current  state  of  technology  is  such  that  a variety  of 
relatively  inexpensive  computers  are  available  with  four  to  eight  times 
more  memory  capacity,  and  which  retain  the  desirable  characteristics  for 
tactical  use:  small,  inexpensive,  easy  to  operate,  no  unique  power 
source  nor  air  conditioning  requirement,  and  available  off  the  shelf 
with  a variety  of  peripheral  devices  for  expansion.  The  micro-computer 
has  great  utility  in  that  it  can  be  easily  operated  without  a bulky 
support  system  for  cooling,  moving  and  maintaining  it.  The  limited 
memory  of  the  small  computer  and  the  imagination  of  the  user  would  seem 
to  be  the  major  limitations  of  the  system.  However  these  limitations 
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are  rapidly  being  eliminated  as  technology  and  young  soldiers  and 
officers,  who  have  known  computers  all  of  their  lives  and  are  not  afraid 
of  them,  advance. 
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PART  1 


USER  INSTRUCTIONS 

EQUIPMENT  USED 

The  Target  Locator  System  has  been  implemented  on  the  Commodore  PET  2001 
computer.  The  computer  consists  of  a MCS  6502  microprocessor,  8000 
bytes  of  memory,  cathode  ray  tube  (crt),  keyboard,  and  cassette  player. 
All  components  are  built  into  one  unit  which  is  compact  enough  to  sit  on 
a small  desk  or  table. 

> 

POWERING  COMPUTER  ON  AND  OFF 

IThe  PET  2001  computer  requires  110  volts  of  AC  power  and  can  be  plugged 
into  any  conventional  wall  plug  with  proper  grounding.  Once  plugged  in, 
the  computer  is  turned  on  and  off  by  using  the  power  switch  located  on 
the  rear  of  the  computer.  Refer  to  the  PET  2001  User's  Manual  for  the 
exact  location. 


LOADING  AND  STARTING  PROGRAM 

There  are  two  ways  to  load  and  start  the  program  on  the  PET  2001.  Both 


methods  require  the  user  to  place  the  cassette  tape  containing  the 
Target  Locator  program  in  the  cassette  player,  rewind  it,  and  then 


follow  the  instructions  shown  below. 

A.  Preferred  "Load  & Go"  method. 

action  While  depressing  the  "SHIFT"  key,  depress  the  "RUN"  key. 

result  The  PET  2001  will  print  "LOAD",  a blank  line,  and  then 

"PRESS  PLAY  ON  TAPE  #1." 

********** 

action  Depress  the  button  on  the  cassette  unit  labeled  "PLAY", 
result  The  computer  will  print  "OK",  a blank  line,  "SEARCHING", 
"FOUND  TARGET",  "LOADING",  "READY",  "RUN",  and  then  the 
main  menu*  of  the  program.  The  program  is  now  running. 

B.  Alternate  "Load  & Go"  method. 

action  Enter  "LOAD"  and  then  press  the  "RETURN"  key. 
result  The  PET  2001  will  print  "PRESS  PLAY  ON  TAPE  #1". 

********** 

action  Depress  the  button  on  the  cassette  unit  labelled  "PLAY", 
result  The  computer  will  print  "OK" k a blank  line,  "SEARCHING", 
"FOUND  TARGET",  "LOADING",  and  then  "READY". 


*A  menu  is  a display  that  shows  several  user  options  and  then  requests 
a user  input. 


********** 


I 


■ 


action  Enter  "RUN"  and  then  depress  the  "RETURN"  key. 
result  The  main  menu  of  the  program  will  be  displayed.  The 
program  is  now  running. 


USE  OF  THE  PROGRAM 


The  main  menu  of  the  program  allows  the  user  to  select  one  of  six 
options.  The  available  options  are  described  below  and  a sample  of  the 
program  is  in  Annex  1.*  Throughout  the  program  "-1"  has  been  used  to 
denote  "no  valid  entry".  It  is  used  to  show  that  there  was  no  valid 
entry  for  an  input  value,  or  no  value  was  calculated  for  calculated 
values,  or  no  standard  deviation  because  there  was  only  one  calculated 
result . 

A.  Option  1 - "AZIMUTH  INPUT".  This  option  allows  the  user  to  input 
and  change  azimuths.  Selection  of  this  option  causes  the  "AZIMUTHS  TO 
TARGET"  display  to  be  shown.  This  display  shows  the  current  azimuths 
and  enables  the  user  to  change  any  or  all  of  the  azimuths  or  to  return 
to  the  main  menu. 

B.  Option  2 - "COORDINATE  INPUT".  This  option  allows  the  user  to  input 
and  change  coordinates.  Initial  selection  of  this  option  causes  the 


*The  photographs  in  the  Annex  are  black  figures  on  a white  background 
rather  than  white  on  black  as  the  screen  actually  is.  This  has  been 
done  in  order  to  aid  in  the  reproduction  of  this  document. 


"ENTER  SOUTH-WEST  MAP  BOARD"  display  to  be  shown.  At  this  time  enter 
the  map  identifier  of  the  south-west  map  sheet  that  designates  the 
south-west  corner  of  an  area  which  is  approximately  a 25  by  25  map  sheet 
square  (A-N,  P-Z , in  an  order  selected  by  the  user)  that  completely 
encompasses  the  expected  area  of  operations.  After  entry,  or  selection 
of  this  option  after  the  first  usage,  the  "OP  LOCATION  COORDINATE  DATA" 
display  will  be  shown.  This  display  shows  the  current  south-west  map 
board,  the  current  OP  location  coordinates  and  enables  the  user  to 
change  the  map  board,  any  or  all  of  the  coordinates,  or  to  return  to  the 
main  menu. 

C.  Option  3 - "TARGET  CALCULATION".  This  option  calculates  the 

intermediate  target  locations,  calculates  the  final  target  location  and 
displays  the  final  target  location  coordinate  and  standard  deviation. 

D.  Option  4 - "DISPLAY  INPUT  DATA  AND  INTERMEDIATE  TARGET  LOCATIONS". 
This  option  displays  all  current  input  data  and  the  calculated 
intermediate  target  location  coordinates  of  the  last  target  calculation. 

E.  Option  5 - "DISPLAY  TARGET  LOCATION  AND  STANDARD  DEVIATION".  This 
option  displays  the  calculated  target  location  and  its  standard 
deviation. 

F.  Option  6 - "STOP  PROGRAM".  This  option  will  stop  the  execution  of 
the  program.  If  the  program  is  restarted  through  the  use  of  the  "RUN" 
command,  all  previously  used  coordinates  and  azimuths  used  by  the 
program  will  have  been  lost. 
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PART  2 


PROGRAM  DESCRIPTION 


GENERAL 


The  program  was  written  in  PET  BASIC.  The  primary  program  design 
constraint  that  most  heavily  impacted  on  program  design  was  the  size  of 
core  memory.  The  small  size  of  core  memory  available  and  the  inclusion 
of  graphics  to  aid  in  the  man-machine  interaction  required  extreme 
program  compression.  Multiple  statements  were  placed  on  each  line  to 
minimize  the  number  of  line  numbers  used.  Also,  remarks  were  used  only 
to  denote  the  start  of  subroutines.  It  is  recognized  that  the  lack  of 
remarks  and  the  statement  compression  make  the  program  hard  to  read  and 
understand,  and  will  make  any  necessary  maintenance  hard  to  perform. 
Although  regrettable,  it  could  not  be  avoided  without  sacrificing  a 
major  option  or  some  of  the  man-machine  graphics,  which  was  an 
unacceptable  ccurse  of  action.  The  major  elements  of  the  program  are 
described  below  and  a program  listing  is  provided  in  Annex  2. 


LOCATION  COORDINATES 


The  program  uses  standard  10  digit  coordinates  (e.g.  AB12345678).  The 


coordinate  is  broken  out  into  an  easting  and  northing  value  which  is 


used  within  the  program.  The  techniques  used  to  convert  a standard 
coordinate  into  its  component  parts  and  back  again  is  discussed  in 
detail  in  the  "Programming  Features"  paragraph  below. 


AZIMUTHS 

The  program  uses  true-north  azimuths  that  fall  between  0 and  360 
degrees.  The  azimuths  of  90  and  270  degrees  require  the  computer  to 
attempt  a division  by  zero.  The  program  deals  with  this  problem  by 
checking  for  90  and  270  and  if  found  adds  .0001  to  them.  The  user 
should  be  aware  that  although  the  difference  introduced  is  very  small, 
that  the  further  away  the  target  is,  the  more  impact  the  difference  will 
have.  In  most  circumstances  the  difference  will  be  so  small  that  it 
will  not  be  noticeable. 


CALCULATIONS 

A.  The  target  locations  are  calculated  through  the  use  of  the  equations 


shown  below. 


(El  - N 1 tan  AZ1)  - (E2  - N2  tan  AZ2) 


N 

tan  AZ2  - tan  AZ1 

E « El  + (N  - Nl)  tan  AZ1 

where 

N =»  northing  of  the  calculated  target  location 
E =*  easting  of  the  calculated  target  location 
Nl  « northing  of  the  first  OP  location 
El  =»  easting  of  the  first  OP  location 
N2  « northing  of  the  second  OP  location 
E2  ■ easting  of  the  second  OP  location 
AZ 1 = azimuth  from  the  first  OP  to  the  target 
AZ2  « azimuth  from  the  second  OP  to  the  target 

The  final  target  location  is  calculated  by  finding  the  mean  of  the 
intermediate  eastings  and  northings. 

B.  The  standard  deviation  is  calculated  by  finding  the  standard 
deviation  of  the  means  for  the  eastings  and  northings,  squaring  them, 
adding  the  results  together,  and  then  taking  the  square  root  of  that 
sum.  When  there  is  only  one  intermediate  location  coordinate,  "-l”  is 
used  as  a standard  deviation  to  show  that  there  is  no  valid  value. 


Annex  1 


Sample  Program  Usage 


i . . A 


This  example  was  produced  by  using  the  worksheet  shown  on  the  next  page 
and  using  the  Target  Locator  program  described  in  the  basic  document. 
The  sequence  of  user  input  shown  is  believed  to  be  the  best  one; 
however,  the  program  provides  sufficient  flexibility  to  permit  each  user 
to  develop  techniques  that  will  best  suit  him. 


SINGLE  TARGET 

DIRECTION  FINDING  WORKSHEET 
INPUT 


MAP  LET1EHS* ► NUMREHS  CONVERSION 

EAST  WEST 

0 1 Y 1 34  56  78 


NORTH  SOUTH 

0 1 1 2 3 I l 5 6 7 8 9 


SELECT  ONE  OF  THE  BELOW 


AZIMUTH  INPUT 

COORDINATE  INPUT 

TARGET  CALCULATION 

DISPLAV  INPUT  DATA  AND 

INTERMEDIATE  TARGET  LOCATIONS 


H DISPLAV  TARGET 
AND  STANDARD 

B STOP  PROGRAM 
ENTER  NUMBER  < 


LOCATION 

DEVIATION 


) OF  SELECTION 


OP  # 
1 
2 

3 

4 

5 


AZIMUTH 

-1 

-1 

-1 

-1 

-1 


ENTER  'BHANGE'  TO  CHANGE  AZIMUTHS,  OR 


IT'  TO  EXIT  THIS 
< BHANGE  OR  BUIT  ) 


OP  # 

1 

2 

3 

4 

5 


AZIMUTH 

-1 

-1 

-1 

-1 

-1 


ENTER  'HHANGE'  TO  CHANGE  AZIMUTHS,  OR 
'■UIT'  TO  EXIT  THIS  OPTION 
< BHANGE  OR  BUIT  ) 


AZIMUTH  * 

ENTER  GfeWH  <E.G.  315), 

'WK'  FOR  NO  CHANGE, 

'HROP'  FOR  NO  VALID  ENTRY,  OR 
'BUIT'  FOR  NO  FURTHER  CHANGES 


AZIMUTH  = 

ENTER  EHfiH  <E.G.  315), 

'BK ' FOR  NO  CHANGE, 

'BROP'  FOR  NO  VALID  ENTRV,  OR 
'BUIT'  FOR  NO  FURTHER  CHANGES 


6»W-.  | 


'BK'  FOR  NO  CHANGE, 

'BROP ' FOR  NO  VALID  ENTRV,  OR 
'BU IT'  FOR  NO  FURTHER  CHANGES 


w - WAV/  ; 

'•<'  F0R  NO  CHANGE , 


'm0P ' F0R  NO  VALID  ENTRV,  OR 
'■UIT'  FOR  NO  FURTHER  CHANGES 


'»<'  FOR  NO  CHANGE, 

'MROP'  FOR  NO  VALID  ENTRV,  OR 
'■UIT'  FOR  NO  FURTHER  CHANGES 
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Continue  until  all  azimuths  have  been  entered. 


OP  # 
1 
2 

3 

4 

5 


AZIMUTH 

336 

283 

5 

347 

306 


ENTER  'BHANGE'  TO  CHANGE  AZIMUTHS,  OR 
'BU IT'  TO  EXIT  THIS. 

< BHANGE  OR  BUIT  ) 
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ilk 


OP  * 
1 
2 

3 

4 

5 


AZIMUTH 

330 

283 

5 

347 

306 


ENTER  'BHANGE'  TO  CHANGE  AZIMUTHS,  OR 
'BUIT'  TO  EXIT  THIS  OPTION 

< bhange  or  buit  ) 


SELECT  ONE  OF  THE  BELOW 

H AZIMUTH  INPUT 

B COORDINATE  INPUT 

H TARGET  CALCULATION 

B DISPLAY  INPUT  DATA  AND 

INTERMEDIATE  TARGET  LOCATIONS 

B DISPLAY  TARGET  LOCATION 
AND  STANDARD  DEVIATION 

B STOP  PROGRAM 


ENTER  NUMBER  < B~fl  > OF  SELECTION 
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ENTER  SOUTH-WEST 
MAP  BOARD  (E.G.  ffi) 


SOUTH-WESTERN  MAR  BOARD  = ST 

OP  # LOCATION  COORDINATE 


ENTER  'BHANGE ' TO  CHANGE  COORDINATES, 
'BUIT'  TO  EXIT  THIS  OPTION,  OR 
'BAP ' TO  CHANGE  S-H  MA 
CHHANGE,  BUIT,  OR  BAP) 
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SOUTH-WESTERN  MAP  BOARD  = ST 

OP  # LOCATION  COORDINATE 

1 -1 

2 -1 

3 -i 

4 -i 

5 -1 
ENTER  'HHANGE'  TO  CHANGE  COORDINATES, 

'MU IT'  TO  EXIT  THIS  OPTION,  OR 
'HAP'  TO  CHANGE  S-W  MAP  BOARD 
(MHANGE,  BUIT,  OR  BAP>f 


ENTER  NEH  MUme  (E.G.  AB12345678)  , 
'MK ' FOR  NO  CHANGE, 

'MROP'  FOR  NO  VALID  ENTRV,  OR 
'MU IT'  FOR  NO  FURTHER  CHANGES 
< HHMMMEMB,  MK,  MROP,  OR  MUIT  ). 


LOCATION  COORDINATE  = 

ENTER  NEW  HHHUB  <E.G.  AB12345678)  , 
'WK'  FOR  NO  CHANGE , 

'UROP'  FOR  NO  VALID  ENTRV,  OR 
-milT"  FOR  NO  FURTHER  CHANGES 
( nmfii  MK,  HROP,  OR  MUIT  ). 
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LOCATION  COORDINATE  = 

ENTER  NEW  MHMK  (E.G.  AB 12345678 ) , 
'Wfc'  FOR  NO  CHANGE, 

'IJROP ' FOR  NO  VALID  ENTRV , OR 
'SUIT'  FOR  NO  FURTHER  CHANGES 

( name,  *«,  brop,  or  buit  > 


Continue  until  all  coordinates  have  been  entered. 


SOUTH-WESTERN  MAP  BOARD  - ST 

OP  # LOCATION  COORDINATE 

1 EB04006195 

2 EC70052595 

3 DB40020598 

4 DB82022798 

5 EB38059195 
ENTER  'HHANGE'  TO  CHANGE  COORDINATES, 

'HUIT'  TO  EXIT  THIS  OPTION,  OR 
'HAP'  TO  CHANGE  S-H  MA 
(HHANGE,  HUIT,  OR  HAP) 


SOUTH-WESTERN 

MAP  BOARD  * ST 

* 

Q. 

O 

LOCATION  COORDINATE 

1 

EB04006195 

2 

EC70052595 

3 

DB40020598 

4 

D B82022798 

5 

EB38059195 

ENTER  'HHANGE 

7 TO  CHANGE  COORDINATES, 

'HUIT' 

TO  EXIT  THIS  OPTION,  OR 

'HAP'  TO  CHANGE  S-H  MA^OAR^^ 

(HHANGE 

, HUIT,  OR  BAP>EZfl  ■ 

SELECT  ONE  OF  THE  BELOW 


AZIMUTH  INPUT 
COORDINATE  INPUT 
TARGET  CALCULATION 

D * INTERMED I ATE^TARGEW.OCAT  IONS 

DIWs\M  Aviation 

STOP  PROGRAM 


ENTER  NUMBER  ( 


> OF  SELECTION 


WORKING 


I 


‘ 


A 


THE  CALCULATED  TARGET  LOCATION 
COORDINATE  IS 


THE  STANDARD  DEVIATION  IS 


ENTER 


TO  CONTINUE 


tm  k 


SELECT  ONE  OF  THE  BELOH 

AZIMUTH  INPUT 
COORDINATE  INPUT 
TARGET  CALCULATION 

diandastandaId  Aviation 

STOP  PROGRAM 


ENTER  NUMBER  ( B~fl|  > OF  SELECTION 


ENTER 


TO  CONTINUE 


SELECT  ONE  OF  THE  BELOW 

E9  AZIMUTH  INPUT 

B COORDINATE  INPUT 

B TARGET  CALCULATION 

B DISPLAV  INPUT  DATA  AND 

INTERMEDIATE  TARGET  LOCATIONS 

H LOCATION 

AND  STANDARD  DEVIATION 


STOP  PROGRAM 


ENTER  NUMBER  < 


) OF  SELECTION 
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p # 

1 

2 

3 

4 

5 

'■HANGE 


AZIMUTH 

330 

283 

3 

347 

306 

TO  CHANGE  AZIM 


IT'  TO  EXIT  THIS 
< HHANGE  OR  HUIT  ) 


'■K'  FOR  NO  CHANGE, 
'MROP'  FOR  NO  VALID  ENT 
'■UIT'  FOR  NO  FURTHER  C 


'■K'  FOR  NO  CHANGE, 

'BROP'  FOR  NO  VALID  ENTRY,  OR 
'■U IT'  FOR  NO  FURTHER  CHANGES 


OP  # 

1 

2 

3 

4 

5 


AZIMUTH 

-i 

283 

5 

347 

306 


ENTER  'HHANGE'  TO  CHANGE  AZIMUTHS,  OR 


'MU IT'  TO  EXIT  THIS  OPT 
< BHANGE  OR  BUIT  ) 


OP  # 
1 
2 

3 

4 

5 


AZIMUTH 

-1 

283 

5 

347 

306 


ENTER  'BHANGE ' TO  CHANGE  AZIMUTHS,  OR 


'BUIT'  TO  EXIT  THIS  OPTION 
< BHANGE  OR  BUIT  ) 


SELECT  ONE  OF  THE  BELOW 


H AZIMUTH  INPUT 
B COORDINATE  INPUT 
B TARGET  CALCULATION 


DISPLAY  INPUT  DATA  AND 

INTERMEDIATE  TARGET  LOCATIONS 


B DISPLAY  TARGET  LOCATION 
AND  STANDARD  DEVIATION 


B STOP  PROGRAM 


ENTER  NUMBER  ( M-B  ) OF  SELECTION 


SOUTH-WESTERN  MAP  BOARD  « ST 

OP  # LOCATION  COORDINATE 

1 EB04006195 

2 EC70052595 

3 DB40020598 

4 DB82022798 

5 EB38059195 
ENTER  'BHANGE'  TO  CHANGE  COORDINATES, 

'BUIT'  TO  EXIT  THIS  OPTION,  OR 
'BAP'  TO  CHANGE  S-H  HA 
<BHANGE,  BUIT,  OR  BAP> 


ENTER  NEW  MBMBH  (E.G.  AB12345678)  , 
'BK'  FOR  NO  CHANGE, 

'BROP'  FOR  NO  VALID  ENTRY,  OR 
"BUIT'  FOR  NO  FURTHER  CHANGES 

, BK,  BROP,  OR  BUIT  > 


( 


LOCATION  COORDINATE  = ■ EB04006195 


ENTER  NEW 


(E.G.  AB12345678), 


'WK'  FOR  NO  CHANGE, 

'SROP ' FOR  NO  VALID  ENTRY,  OR 
'MU I T ' FOR  NO  FURTHER  CHANGES 

, HK,  BROP,  OR  MU  I T ) 


LOCATION  COORDINATE  = 


ENTER  NEW 


(E.G.  AB12345678) 


'MK'  FOR  NO  CHANGE, 

'MROP'  FOR  NO  VALID  ENTRY,  OR 
"MU  I T ' FOR  NO  FURTHER  CHANGES 

< wMsmasm,  mk,  mrop,  or  muit  > 


SOUTH-WESTERN  MAP  BOARD  - ST 

OP  * LOCATION  COORDINATE 


2 EC70052595 

3 DB40020S98 

4 DB82022798 

3 EB38059195 

ENTER  'BHANGE'  TO  CHANCE  COORDINATES, 
'BUIT'  TO  EXIT  THIS  OPTION,  OR 
'BAP'  TO  CHANCE  S-M  HA 
<BHANGE,  BUIT,  OR  BAP) 


A MAP  BOARD  CHANCE  HILL  CAUSE  ALL 
INPUT  DATA  TO  BE  RE- INITIALIZED ! 


DO  YOU  WANT  TO  RE-SET 

THE  SOUTH-HEST  MAP  BOARD?<B/B> 
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A MAP  BOARD  CHANGE  WILL  CAUSE  ALL 
INPUT  DATA  TO  BE  RE- INITIALIZED! 


DO  VOU  WANT  TO  RE-SET 

THE  SOUTH-WEST  MAP  BOARD? <B/B> 


ENTER  SOUTH-WEST 
MAP  BOARD  (E.G. 


ENTER  SOUTH-WEST 
MAP  BOARD  (E.G.  I 
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ENTER  SOUTH-WEST 
NAP  BOARD  (E.6.  (H> 
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Annex  2 


Program  Listing 


36 


FOR  I * 1 TO 10 : ^ 1 (??2? 1 : T2 ( I > «-! ; NEX T 
F0RI«1T65:Z(!)— 1:N<I)— 1:E(I>— 1:NE 
n=-i : l2*-l  S=-l 


XT:Ti=-l:T 
50  PRINT"! 
R INT"** 

70  PRINT" 


.EOT  ONE  OF  THE  BELOW"  :P 
[MUTH  INPUT" 

I COORDINATE  INPUT" :PRIN 


T9l  pr^T"iAR6h«Cdisplavi  INPUT  DATA  AND 


91  PRINT" 
AT IONS" 


INTERMEDIATE  TARGET  LOC 


95  PRINT"*  *59  DISPLAY  TARGET  LOCATIO 
N"  PRINT"  “ND  STANDARD  DEVIATION" 
100  PRINT"*  *6*  STOP  PROGRAM" 

110  X$="pCNTERNUMBER  < *18-06*  ) OF 
ELECTION  “l«4:Yl*l:GOSUB80S0TpRlNTX$ 


ELECTION  ^ 


J00  REM  CALCSUBP 

I^ICTfflBm111111 0RKIW"  K-0! 

Ml  FORI  = lT04^F0RJ»ItlT65^K=K+l^PRINT,1>l 


570TFZ7TYC0ORN  ( I ) <0GOTO660 
580  I FZ ( J > <0ORN  < J ) <0GO TO660 
585  X1=ABS(Z(I)-Z(J))  : IFXK1GOTO660 
587  IFX1>179ANDX1<181GOTO660 
, 598  Vi=Z<I) :V2=Z<J) : IFY1=90ORV1=270THEN 
Vi=Vi+.00i 

593  IF  Y2=90OR Y2=270 THEN  Y2=  Y2  + . 00 1 

V1®X2=EU>-N<J)  i?rNT< V2>  =X1-fe< D-NU)  * 
620  T1<K)=(X1-X2)/(V2-V1) 

T!!l)I?^)(T^KT)<f^+<T1<K)-N<I))*m-5): 

660  NEXT 
670  NEXT 
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140  ONAGOTO150 


150  G0SUB3! 


i7xS 

190  GoISbIII^GOToI, 
210  GOSUB1500  :GOTO50 
230  GOSUB2500GOTO50 


90,210,230,63999 


740 
760 
770 
K>  ±2 
800 
805 
DAT 
820 
:S=- 
840 
=ABS 
860 
870 


E=E*^2(k)  t2+T1<K>  :B=B+T2(K>  :»=I>+T1( 
NEXT 

^ISWINSUFF1CIENT 

i ; • T2=INT(  (B/X1) +-5> 

) ) t .5  :X3 
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1500  PRINT"U|"  ; TAB (10)  * BINPUT  VALU 

1?05  PRINT"  OP  #";TAB<9)  ; "LOCATION  COO 
RD I NATE";  TAB  (30)  ; "AZIMUTH" 

1511  FOR I=1T05 :E1*E( I) :N1=N(I) :A1=Z(I)  : 
GOSUB6000  : 6OSUB7000  : GOSUB6500 
1520  PR  INTTAB (2) ; I ; TAB ( 13) ; Ml$ ; C8$ ; TAB ( 
32) ;A$ : NEXT 

1535  PRINT"!  * * BIN  TERMED  I ATE  TARGET  L 
OCAT IONS*  * f" 

1540  PRTNT"  OP  ; TAB<10) ; "OP  #";TAB 
(16)  ; "LOCATION  COORDINATE" 

1560  K=0  : FOR I=1T04  : FORJ=  I+1T05  : K=K  + 1 : El 
=T2(K)  N1=T1(K) : GOSUB6000 : GOSUB7000 
1575  PRINTTAB<4) ; I; TAB(10) ; J; TABC20) ;M1 
$ ; C8$  NEXTJ,  I : PRINT  %•  : GOSU68$00  : RE  TURN 


INT  . 
253 


►00  REM  DISPLAV  ANSWER 

-3y^PRI_NT"  COORDINATE  IS":X*="IMMI 


S^^^^^^^=^OSUB8000 : PR  I N TX * : PR  INT 

Standard  deviation  i 


S"  X$="MH 
2585  xI-CI 


=LEN<STR$(S) ) 4-3 : Vl»3  G0SUB8aeB : P 

26  ie  print'i 


RINTX$  PRINT"!—— 

n^HlrToOSUB850OE 
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3000  REM  A2 
3005  F0RI=1T 
3010  PRINT" 

3022  xUtENCSTR 
0:PRINTX$:PRINT" 
3030  PRINT" 

> ,M  :PRINT"| 

3032  PR IN 
ENTRY,  OR" 

3033  PRINT" 

ER  CHANGES" 

3034  X$=" 

OP,  OR  HOKJIT  ) 


CHANGE  OPTION 

Li,  "■“•PRINT" 


( 


M"  • 

ZIMti 

< I ) ) ) +3 : Vls3 : 6OSU8800 

“ (E.G.  315 
_ CHANGE , " 

■ROP'  FOR  NO  VALID 

/BQ£IIIT/  FOR  NO  FURTH 

6( 

TX$ : INPUT'1 


3036  XI=7:  Y1=1:G0SUB8 

H - V| 

FllEF  T * < X * , 1 ) * " P " THEN2  ( I)  =- 1 : GO  T03 


010 


3045  I FLEF  T $ < X * , 1 > = " 0 " THENRE  TURN 
3050  I FLEF T * < X » , 1 > * "0" THEN2 < I ) =0 : GO TO30 
10 


3055  IFVAL.  <X*)  > . 000 
HEN2  ( I > =VAL <X$) : GOTO 

3056  IFABS(VAL(X$) ) 
3160  NEXT: RETURN 


JANBVAL(X$X=360T 

OTO3010 


500  REM  AZ 
1505  PRINT" 


is5.1, 


pETR"  : P 
!IHuTH" 


PR  IN 


-.v  < ncinum 

|”ijAB<5)  I I^tABCzI)  ;A$^EXTUB6500  :PRINT" 

3560  PRtNT"l 
OPTION" 

35rB.x«.'5:MSU!^j*ei)eE  or  mbit  > 


" : Xl=9  : Y1=T : GOSUB80 

3573  INPUT" 

X$  ^ IFLEFT $ (X» . i / \/  v#  in 
3590  GOSUB3860 : G0T0358 


IT'  TO  EXIT  THIS 

K..NGE  01 
PRINTX* 


JIIS  raiS!i89** 

4010  PRINT"UMn 

'•  --Ei-EU)  :N1=N(I) 

: GOSUB6000 j_GOSUB7000 

4040  X$="HML0CAT ION  COORDINATE  = " :X1= 
12  : Yl=3  :GOSUB8000  : PRINTX* 


4046  PRINT" 
1* ;C8* 

4050  PRINT", 
.G.  AB 123456 
4060  PRINT" 


in  . 


;M 


ii 


4070  PRINT"| 
ENTRY,  OR" 
4080  PRINT"I 
ER  CHANGES" 


WIEN  TER  NEH  ^COORDINATES  <E 
'BOSK7  FOR  NO  CHANGE, 
'HDSROP'  FOR  NO  VALID 
'HQSUIT'  FOR  NO  FURTH 


:7l*l  GOSUB8000  .PRINTS*  :INPU 
4J^JTVAl  (RIGHT* (X* . 10) ) >0SOTO4170 


4110  X$«LEFT$<X$,1>  : IFX$*"D" THEME ( I)*-l 
• N ( I ) — — i '-GOTO4018 
4130  I FX $* " 0 " THENRE TURN 
4140  GOTO4300 

4170  M1$=MID$(X$ , 1.2)  :X1=VAL(MID$(X$,3, 
8)  ) : I FX  1>=8ANDX  1<=9§999999GOTO4230 
4210PRINT"Ui|!ENTER  VALUE  BETWEEN  8 AN 
D 99999999"  :GOTO4015 
4230  E ( I > = INT <Xi/T9> : N (I ) = INT ( (X1/T9- IN 
T <X1/T9)  ) JT9  + . 5)  : A=ASC(MID$(Mi$,  1 , 1)  ) 
4254  IFA>90ORA<65 THEME ( I) =-i : N { I i =-i : PR 
INT"LJHMBAD  NAP  ID"  GOTO4015 
4260  I F A>=79 THENA= A- 1 
4265  I F ACO 1 THENA= A +25 
4270  B=ASC(MID$ (Ml $.2,1) ) 

. 4274  I FB>90ORB<65 TH^NIi ( I) =-l :N( I) =-l  PR 
INT"LJMBAD  MAP  ID"  :GOTO4015 
4280  IFB>=79THENB=B-1 
4285  IFB<02THENB=B+25 
4290  E(I)=A*T9+E(I)  :N<n=B*T9+N<I)  :GOTO 
4010 

4300  NEXT: RE TURN 


4500  REM  COORD  ENTRV  ROUTINE 
4504  I FO 1< 1 THENGOSUB7560 


4510  PRINT"E1H0P  LOCATION  COORDINATE  DA 
TAB"  :X1=01 : IFXI>=79THENX1=X1+1 
4514  X2=02 : IFX2>=79THENX2=X2+1 
4520  PRINT"!SOUTH-MESTERN  MAP  BOARD  = " 
; CHR$  <X1>  ;CHR»(X2) 

4530  PRINT"!" ;TAB<5) ;"OP  #" ; TAB(20) ; "LO 
CATION  COORDINATE" 

4540  FORI=1T05:E1=E(I) :N1=N(I) :GOSUB600 
0 : GOSUB7000 

4560  PRINT"!"; TAB (5) ;I;TAB<24> ;M1$;C8»: 
NEXT 

4570  PRINT"!ENTER  'BCBHANGE'  TO  CHANGE 
COORDINATES,^ 

4580  PRINT*!  'HQSUIT'  TO  EXIT  THIS 

OPTION,  OR" 

4590  PRINT"!  '|*eAP'  TO  CHANGE  S-H 

MAP  BOARD" 

.4688  X$="!  (HCSHANGE,  HOfUIT,  OR  ! 

^®AP)  : Xl=9 : Vl*l -GOSOB8000 :PRIRTXt 


<HC!HAN( 

1GOSUB80I 
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fM 


4606  INPUT j| 


Till 

ee 

4660  RETURN 


ft  _ 

IFft$ 
IFft$s"M" 


H 


tm< 

THEN* 


iOSUB4000:GOTO4500 
IOSUB7500 : ONAGOTO20 , 45 


eti||  ;R 

OA®i=A+2-DTR,<X1+X2>  :A*LEN(X*>_1  :F0RD=1T 
EN^E TURN ID*  <X* , B , 1)  +C8* : NEXT  : IFA>=8TH 
n6110  FORB=1TO8-A  C8$="0"+C8*:NEXT  RETUR 


A 


r 


6500  REM  AZ  OUT  CALC  USING  A1  & A* 

6504  IFA1<0THENA*="  -1" : RETURN 

6505  A*="" :X**STR*(A1) : A=LEN(X*>-1 :FORD 

— 4 TAA  • D— 6 

6550  A*=M ID* (X* , B , 1) +A* : NEXT 

6560  I F A>=3  THENCE tURN 

6570  FORB=1T03-A:A*="  "+A* : NEXT : RETURN 


7§ll 

m 

7030 

7040 

7060 

7080 

7100 

7110 

7120 

7130 


REh  HAP  I 





it 


US  IN* 
THENRI 


:tu^ 


Nl,  Ml* 


I F A<65  THENA=25 + A 
IFA>89THENA=A-25 
I FB<65  THENB=25  +B 
I FB>89  THENB=B-25 
I F A>=79  THENA=A + 1 
IFb>=79THENB=B+l 
M1*=CHR*(A)+CHR*<B)  RETURN 


6OTO7030 

GOTO7030 

GOTO7030 

6OTO7030 


750 

751 


pI'in!"ubSa  88prIo&rdn<*hange  hill 

Z§2ePglNTM INPUT  DATA  TO  BE  RE-INI TIALI 


CAUSE  ALL" 
UN 


‘■^53^PRTNT,,D0  VOU  WANT  TO  RE-SET"  :X$="T 
HE  SOU  TH-HES  T NAP  BOARD?  (BW/M)  " 

7551  I NPU  t X1-=-1-:g0SUB8eee^pR^« 

■#■!"  ;X$:  IFL 

7560  REM  ACCEPT  NEH  MAP  ID 

7570  PRINTXMUBpENTER  SOUTH-HEST” 

4 (E . G . yABS)  " : Xl=5  : V 

l=llgOSUB8F88:PRINTX» 

7600  INPUTl,nBMHMnMn,l;X$ 


ftP4&6»MH8N;PRW,''“"  1HPUT  - 

7610  Oi*ASC (LEFT! (X$ , 1) ) :02=ASC(MID$<X$ 

'7620^  I FO K650R0 i>90 THENPR I N T "LB AD  INPUT 
- TRV  AGAIN" :GOTO7580 
7630  I F O2<65ORO2>90 THENPR  I N T "LB AD  INPUT 


- TRV  AGAIN" :GOTO7580 
7640  I FO 1>=79 THENO 1*01- 1 
7650  I F 02>=79  THEN02=02- 1 
7660  A-l: RETURN 


i 


000  REM  BOX  MftKER-Xl , VI ,X$ 

010  X|=X$  + ”B  ll:PORA«iTOivi+l)/2:X»=X$  + 

30  FORA=1TOX1+1 :X$=X$+"  " :NEXT :FORA=l 
TOVl  + i :X$=X$  + "MB  " :NEXT 
8850  F0RA=1T0X1  + 1:X$=X$+,,B|  " :NEXT 
8060  F0RA=lT0(Vl+l)/2-l:Xf=X$+"ai  1 
T *-X$=X$  + "CB  ■"  : RE  TURN  L" 


oo . 

91 


* NEX 


8500  REM 
8510  X$* 
5- V1=1-G0S 
8540  INPU 
: RETURN 
63999  END 


UBROUTINE 
NTINUE  “:J 


